In this paper, a parallel DEA model was established and applied to evaluate the production performance of 29 provinces from China in 2009, considering the effects of CO 2 emission. Meanwhile, a CCR DEA model was also used to evaluate the efficiencies for each industry, respectively. Our calculated results reveal that: a) the production efficiency for each province is relevant to the economic development level; b) the efficiencies are of great differences between regions, i.e., the eastern coastal area is more highly efficiency than the western interior area significantly; c) the efficiency of the primary industry are higher than those of the secondary industry and tertiary industry in average, and the score for tertiary industry efficiency is of the least influences of regions.
Introduction
In the last few decades, the issue of climate change has become a more and more severe challenge internationally. Thus, a global agreement to develop the low-carbon economy has been reached. It is necessary to reduce the emission of greenhouse gases, especially the carbon dioxide (CO 2 ). Nowadays, China's economy is rapidly developing, that has already become the second largest economy in the world. China has become the second largest CO 2 -emitting country, and the amount of emmited-CO 2 would increase sharply with the processes of China's industrialization and urbanization. To coordinate the relationship between carbon emission reduction and economy development is a very important issue to the government. Due to the vast territory of China, the structures of industries and energy distribution are of great difference with regions, so as to the level of economic development. So it is of great practical significance to make proper energy and environment policies which could promote the development of local economy. This study is to evaluate the efficiency of Chinese provincial region production system, which is considered the industries and the CO 2 emission.
Literature Review
Previous researches have demonstrated that the economic growth is relevant with the environmental quality. Nemat (1992) has suggested that the income have high correlation with the environmental indicators under the study of relationships between environmental indicators and economy growth and found. Meanwhile, a U-shape environmental Kuznets curve is also found, which showed a trend that the per capita GDP increase first and then decrease with the increase of the pollution emissions (Grossman and Krueger, 2001) . As more and more attentions have been paid to the carbon emission, the relationships between economy growth and carbon emission has become a research hot spot. A number of evaluation indicators have been proposed, for instance, the energy intensity (Martin, J.M,1988;), the Carbonization Index (A. Grubler,), the carbon emissions intensity (Ang B W., 1999) ,which are mainly used to evaluate the relationships between carbon emission, energy consumption and the national production. However, these indicators are all single-factor evaluation indicators, which only consider the proportional relationship between variables without evaluating interactions between those factors. Thus, in order to compensate for the limitations of the single-factor evaluation method, total factor evaluation methods have been widely applied, of which the DEA method is a typical one.
widely applied in various subjects. To assess the environment performance in certain sector or measure the efficiency for productivity in regard to the environmental constraints, the environmental DEA method was suggested. Fare et al (1989) , Sancho et al. (2000) used the environmental DEA method to evaluate the paper and glass manufactures in United States and Spain respectively. In recent years, the method is used to evaluate the efficiency for macro-economic field (e.g. Zhou et al., 2002; Guo et al., 2010; Liu et al., 2011) . Previous studies usually compared the performance between provinces, but rarely took account the industrial structure to measure the production efficiency with carbon emission constraints. In this study, we introduce the industrial structure of China's provinces to measure the production efficiency with the carbon emission effects.
Methodology
A parallel DEA model with independent subsystem was established.
Indicators
According to the macroeconomics production function, every production unit consumes stock capital, labor force and yields GDP. While the study considered the influence by the CO 2 emission, while the most important source for carbon emission is the consumption of energy. So the indicator involves CO 2 emission and energy consumption. So the indicators selected for this study are listed in the following Table 1 . 
As to this study, inputs and outputs for the industry k (k=1, 2, 3) of the province j are denoted by , so the production technology set in this study will be stated as follows:
DEA Model for Parallel System with Independent Subsystems
The entire national production sectors can be divided into three parts: primary industry, secondary industry and the tertiary industry. The three industries are independent to each other, so they can be regarded as the subsystems of the entire production system. The structure of this kind of system is shown in the figure 1. X Y C state the vectors of the input, desirable output, and undesirable output for province j's industry h respectively. As to this study, ( , , )
. As the undesirable output have the character to the input indicators. We treat the undesirable output as the input which is following the former research. Accordingly, in the case of constant returns to scale, the model for efficiency measuring to the system is as follows:
Define uk*, vk*, v'k* as the optimal solution of (1), thus, the efficiency for DMU-d is as follow:
Considering the relative efficiency between the same industry of provinces, the tradition CCR-DEA model could be employed. Thus, the efficiency of industry k (k=1,2,3, stands for primary industry, secondary industry and tertiary industry) can be evaluate in this way:
, v' k* to be the optimal solutions to (3), the efficiency for the industry k of provinces d is:
Overall, we could measuring the efficiency for each industry of every provinces in the case of constant returns to scale, then get the YMK-DEA efficiency for each province following the rule (5).
Data
The empirical study covers 29 provinces from Chinese mainland, excluding Hainan and Tibet owing to the data loss. Each province consumes capital stock (K), Labor force (L) and Energy (E) to yield GDP (Y) with the undesirable CO2 emission (C). The data source and processing are as follows:
The capital stock for industries at provincial level cannot be got directly from the official statistics data. So we approximately calculated the capital stock for every province's industries. First , perpetual inventory method was www.ccsenet.org/ass Asian Social Science Vol. 8, No. 12; 2012 used to calculate the stock for provinces in 2009, then we divided the capital stock into three parts according to the proportion of each industrial investment to total investment.
b) Labor force
This study take the average employment in each province in 2009 as the labor force indicator.
c) Energy
Energy consumption for industries at provincial level are given in the energy yearbook for china in the form of physical quantity. The date should be transformed into standard quantity according to the calorific value.
d) GDP
The output of the three industries of the province can directly be got from the statistical yearbook for China and the yearbook for each province.
e) CO 2 emission
The amount of CO 2 emission was calculated from the fossil fuel consumption by the method recommended by IPCC. But the CO 2 arise in production sectors are not taken into account in this study. B e i j i n g H e b e i I n n e r M o n g o l i a J i l i n S h a n g h a i Z h e j i a n g F u j i a n S h a n d o n g H u b e i G u a n g d o n g C h o n g q i n g G u i z h o u S h a a n x i Q i n g h a i X i n j i a n g Primary Industry Secondady Industry Tertiary Industry
Figure 2. Efficiency for industries of provinces of China
As to the primary industry, the average score for the efficiency is ~0.8. Hebei, Liaoning, Shanghai, Jiangsu, Guangdong and Guangxi have a full score of 1. These provinces are DEA efficient while other provinces are not as good as the former six provinces in the primary industry production performance, especially Shanxi and Chongqing which score less than 0.5. Obviously, the provinces with higher scores are in China eastern coastal area of China, where the economic development is the best.
The efficiency score for the secondary industry are at the average of 0.709, which is somewhat lower than that of the primary industry. Beijing, Inner Mongolia, Shanghai and Guangzhou are in the production frontier, which have a score of 1, Liaoning, Tianjin, Jilin, Jiangsu and Zhejiang are areas also with relatively high DEA efficiency. But the production efficiency for Hebei, Hubei and Qinghai are obviously lower than others. There is a large improvement room for the three provinces. As is similar to the primary industry, the areas with higher efficiency are also those more developed provinces.
The efficiency for tertiary industry presents the same case as the former two industries, i.e., the more developed the provinces are (e.g. Beijing, Jiangsu, Guangdong etc.), the higher efficiency they got. Meanwhile, Shanxi, Hubei, Guangxi and Shaanxi is less efficient. Especially, Shaanxi province scores only 49%, which is the only province get a score less than 50%. As listed in Table 4 , provinces in eastern coastal area perform the best efficiency, which is the most developed area in China. The efficiency for three industries there are all over 0.9. Afterwards, provinces which are located in the northern and southern coastal areas usually got a score of over 0.8. Provinces in the western inland area score lower than the leading area by 1/3, the disparity of the secondary industry efficiency between the Southeast China and eastern coastal area reaches 40%. Overall, the efficiency for each industry gradually reduces from east to west, also with a trend from the coastal area to inland area. Comparing the efficiencies of the three industries, we found that the efficiency of the primary industry is the highest while the secondary and tertiary industries are lower ( fig.3 ). The area which has higher efficiency of primary industry also gets higher score in the other industries. Of the three industries, the tertiary gives the smallest changing amplitude. This could be a result of the latest development of the tertiary industry. Thus, the first-mover advantage of the early-developed area might not be so obvious. Meanwhile, the tertiary industry usually shows less restrictive of locations and resources. On the contrast, different locations, climate conditions and resources could bring in obvious influences to the primary and secondary industries. In this way, unlike the primary and secondary industries, the tertiary industry usually shows more stable efficiency
Production Efficiency for Provinces
Based on our suggested model, the productive efficiency of provinces in china which considering the carbon emission could calculated. The results are listed in table.5. Vol. 8, No. 12; 2012 From Table 5 , the YMK-DEA efficient provinces are Beijing, Hebei, Inner Mongolia, Liaoning, Shanghai, Jiangsu, Anhui, Guangdong, and Guangxi. And Guangdong is the only province which scores "1" in every industry. Zhejiang and Shandong are also highly efficient, whose scores are 0.98 and 0.964. We can see from the data that the efficient provinces are mostly in the east area. Of the provinces, Hubei scored only 0.594 in 2009. However, no slackness of carbon emission could be observed through our calculated data, which means Hubei is emitting a large amount of carbon dioxide. So Hubei province should make more effort to improve the technology of reducing the carbon emission. In this way, the efficiency might be improved. Shaanxi is another low scored province because of the extensive use of energy. For China's eight economic regions, it showed the same trend as the case for each industry, i.e., the eastern coastal area is with higher efficiency than the western inland area.
According to the YMK-DEA efficiency, the provinces are divided into three groups as showed in Table. 6. Provinces which scored the most for the primary industry were members for the first group. Provinces which are dominated by the secondary and tertiary industries relatively are put into the second and third groups, respectively. The provinces in the group "Primary industry dominant" are provinces with the highest efficiency in primary industry of the three industries. However, it doesn't mean that the provinces in this group are more efficient than the other province in the primary industry. The provinces in this group should pay more attention to the other two industries during the industrialization and urbanization of China. The number of "Primary industry dominant" provinces is the largest while the number of "Tertiary industry dominant" provinces is the smallest. Because the tertiary industry is thought to be friendly to the environment, the energy intense and carbon emission intense are the biggest. Accordingly, more efforts should be make to develop the tertiary industry in China. More resources should put and policies should be made to support the development of the tertiary industry in latter years.
Conclusions and Suggestions
The DEA model for parallel system with independent subsystems as well as the traditional CCR model was employed in this study to measure the efficiency for 29 provinces in mainland China. From the result and analysis for the result, we could roll out the following conclusions:
Generally, the number of YMK-DEA efficient provinces is rather small, which means there are an improvement room for most provinces. It's necessary for those provinces to improve their efficiency. As to each industry, the case is more or less the same, especially for the tertiary industry.
There is a disparity in efficiency among regions. The efficiency of eastern coastal area is obviously higher than that of the western interior area. So, the production efficiency for each province is relevant to the economic development level.
The efficiency for the primary industry is higher than that for the secondary and tertiary industries in average, and the score for the tertiary industry efficiency is the lowest. The tertiary industry is environment friendly and the industrial restructuring in China calls for more invest in the tertiary industry. The tertiary industry usually shows less restrictive of the locations and the resources and the smallest advantage of first-mover Policy makers should polish environmental regulations to prompt provinces with large potential for carbon emission reductions to improve the efficiency.
